Unveil uncertain forces acting into (or onto) systems is a very interesting and old problem. Indeed, a lot effort has been devoted to develop procedures which results in the understanding of the uncertain forces and its effects. This contribution deals with recovering of the dynamics of the uncertain forces from measurements (time series). The main idea is to construct an internal model of the nonlinear system and design a discretetime feedback in such way that the model/system differences be stabilized at origin. In principle, if the internal model tracks the trajectory of the nonlinear system, then the uncertain force is recovered by the stabilizing command.
INTRODUCTION
Unveiling the forces acting into (or onto) systems is not an easy task. In fact, a lot effort has been devoted to unveil the hidden secrets of nature. The mathematical model development searches knowledge in this direction. Several theories have been proposed. There are some alternatives from the probability theory (for instance, Synergetics [1] ) whereas another one departs from the deterministic and operators theory (see, for example, [2] and [3] ). However, mathematical models have some limitations; hence estimation procedures are desired.
Recently, estimation procedures have been taken from control theory. For instance, observability property [4] of the nonlinear systems can be exploited to get estimated values of unmeasured states. The observability property strongly depends on the choice of the measured state (which is so-called system output if measurements are continuous [4] and time series if measurements are discrete-time [5, 6] ). The main idea behind observability is the phase-space reconstruction; i.e., the history of all states is into the time series [7] . The main application of the observability property has been to reconstruct, if exists, the attractor of the dynamical 90 R. FEMAT AND C. JIMINEZ-GALLEGOS system [5, 6] . However, in [4] [8] . Nevertheless, such state recould be also uncertain) and pro, rm are parameter construction has some constraints, which can set and yME N is the system output (time series). be fundamentally seen as sensitivity tradeoffs Without lost of generality, one can denote c(x(t)) [9] . k2 AF(x, t;pl) + AT(t;p2) + c(x) u y= Cx (2) where AF(x; pl) FM(XM; PM) F, (x,;p) and AT(t; P2) TM(I; rM) T,(t, r) are uncertain smooth functions, which represent the mismatches between dynamical system and its model. Now, since the unveiling problem can be seen as a synchronization one and, from the control theory point of view, the synchronization problem can be understood as the stabilization of the system (2) at the origin. Hence, the goal is to find a feedback control law u u(x, t) such that lim x --0 as l--oo.
3. THE PROPOSED UNVEILING SCHEME
Dynamic Evolution in an Extended Space
Following the ideas reported in [10] , let us define 7=AF(x;p)+AT(t;pz)+a(x). Then the model error system can be rewritten as follows 21 x2 (3.a)
It has been proved that, under feedback output control, the a second-order driven oscillator can be stabilized at origin (see Appendix in [10] ). In addition, has been proved that the system (3) is externally dynamically equivalent to the system (2). This is, there is a time-invariant manifold, (x, r/, t; r), such that the solution of the system (2) is a projection of the system (3) as long as the initial conditions be (x(0), r/(0), 0; 70 0, which is satisfied by definition (see Appendix in [10] Since systems (2) and (3) Thus, the internal model feedback is given by Figure 2 shows the performance of the time discrete feedback for several sampling rate, At.
The sampling rate were chosen as follows:
At=0.0005 (dashed line), At--0.01 (solid line), At=0.1 (dotted line) and At=0.5 dash-dotted line. The unveiling feedback scheme was activated at t-50.
If the uncertain force is unveiled (which means that is close to the unknown force), the control action compensates the perturbation onto the system. On contrary, as the At increases the estimated value of the uncertain term the control action increases and stabilization is lost. For instance, if At =0.5 (see dash-dot line in Fig. 2) then the estimation error is around 1.0, the position, x, cannot be stabilized at origin and the stabilizing command is larger, u. This is, the uncertain force can be unveiled if the position error is stabilized at origin and viceversa.
Unveiling the Magnetic Force in a Levitation System
Consider the dynamical system given by
+ where x means the position, is a damping factor, -(t)=Acos(t) represents a periodic perturbing force, a(x, k, t) is a nonlinear function acting into the system, which represents the force between a magnet supported by the high temperature Type-II superconductor [11] . Let us assume that the internal force, a(x, k, t), is uncertain. Besides, consider that external perturbing force, -(t), and damping parameter are exactly known. In addition, suppose that only position, x, is available from measurements. Then, following the above procedure, feedback with uncertainties estimator is obtained
q-(kl 1)Xl (re) 7-1(ti) (6) where the feedback constants are kl 1.0, k2--2.0, which implies that the roots of the polynomial Pz(S) are located at -1.0. In principle, the feedback (6) can be experimentally implemented in a magnetic bearing device.
However, in seek of clarity, we have performed numerical simulations of the magnetic levitation process. Although c(x, 2, t) is not exactly known, it has been reported [11] that the characteristics of the system can depend on the hypo-elasticity 
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